Formulae are presented to calculate a rotationally symmetrical orientation distribution of a crystallographic direction from the rotationally symmetrical orientation distribution of planes parallel to this direction.
Introduction
It is known that orientation distributions of crystallographic planes can be measured by X-ray methods. Under certain circumstances it is possible to calculate the orientation distribution of a known crystallographic direction from a known plane distribution. We will treat a case in which (1) the direction distribution has rotational symmetry, (2) the direction and planes to be considered are parallel to each other, and (3) the planes have random orientation about the direction.
We consider a polyerystalline sample where the orientation distribution of some crystallographic direction is rotationally symmetrical about a known axis. Fig. 1 shows the angle fl between the symmetry axis OQ and a direction OR that is parallel to the direction [uvw] Fig. 1 the point P is the cutting-point of a plane normal and the O-centred sphere surface. The angular distance of the pole P from the symmetry axis OQ is re/2-~. The density distribution F0(~) of poles for (hkl) planes is, as mentioned above, rotationally symmetrical about the axis OQ. It is known (Hermans, Hermans, Vermaas & Weidinger, 1946; Kratky, 1933 (1)
where y=cos e~ and z=cosfl. Conversely (Weber, 1919) , 
Numerical calculation
In the following we consider the numerical calculation of J0(//) from F0(e) according to equation (3). In fibres the maximum of F0(~) is usually at e =0, the symmetry axis being the fibre axis. Sheets prepared from fibres, on the other hand, have usually the maximum of F0(~) at e = re/2, assuming that the normal to the sheet is the symmetry axis. A slightly different method of calculation must be applied in case of sheets from that for fibres.
(a) Sheets
The F(y) and J(z) functions exist in the ranges 0 < y < 1 and 0 < z < 1, respectively. We divide the range from 0 to I into N equal parts. Thus, at the end of the mth (nth) part
The integral in equation (3) can be expressed as a sum of n integrals, because the range of integration from 0 to z contains n parts:
We make the approximation that F(y) has a constant value F(m) in the range from y=(m-I)/N to y=m/N.
Integration gives 
To get as accurate a result as possible, one must make short divisions of the c~ and fl axes especially in the vicinity of the maxima of F0(e) and J0(//). In the above method, where ~.=arc cos (m/N) and //=arc cos (n/N), the divisions of ~. and/3 axes are the shorter the smaller the values of m and n. Because small values of m and n join to values of ~ and // of about n/2, the above method is very suitable for a case where F0(~) and J0(//) have their maxima at e=rc/2 and //=~z/2. When the maxima of F0(~.) and Jo(//) are situated at e = 0 and//=0 we can use the following procedure.
(b) Fibres
To get short divisions of e and//axes near the points = 0 and p= 0, we write y'=l/1-yZ=sine, z'=]"l-zZ=sinfl.
We obtain from equation (3) J(z')-
Setting z'=n/N and using the same principles as in deriving equations (4)-(12) we can write 
Accuracy
The calculating methods for the above cases (a) and (b) are closely analogous. Therefore, we need consider only the accuracy of the result in equation (12). The accuracy of the J values calculated according to equation (12) depends on (i) the approximation F(m)= F(y) in equation (6) and (ii) the accuracy of calculating the derivative of S(n) according to equations (10) and (12). The relative error of J(n/N) and S(n) in equations (6) If very accurate results are desired, we use a value of N great enough in calculating the S(n) values. F'or the determination of the derivative we then use instead of equation (12):
where v = N/N' is an integer chosen so that the division 1IN' is as near as possible the optimum value l/No mentioned above. An analogous modification of equation (18) can be made.
Conclusion
Calculation methods are presented that can be applied to structures that fulfil tile conditions mentioned in the Introduction. For example, cellulose has suitable planes, called paratropic planes, parallel to the direction of the long axis (b axis) of the crystallites. If the other conditions are fulfilled, one can calculate the distribution of b axes from a distribution of paratropic planes using the formulae presented. It is interesting to note that Kratky has made calculations in the opposite direction : from b axis distributions to plane distributions.
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The focusing system
X-ray diffraction patterns from single crystals have usually been obtained with pinhole-collimated, filtered radiation, and the parameters of optimum collimator design for this purpose have been discussed in detail by Bear & Bolduan (1949 ), by Huxley (1953 , and by Longley (1963) . For crystals with unit cells less than 100 A to a side, no particular technical problems arise, since the widely spaced reflections are to a first approximation geometrical images of the main beam, and pinholes with diameters in the range 0.3 to 1.0 mm provide both adequate collimation and reasonable intensity. Virus crystals, however, have unit cells with dimensions of the order of several hundred A. For this reason, they present severe problems of resolution. Pinholes, 0.1 to 0.2 mm in diameter, are only just small enough to resolve adjacent reflections at a 5 cm specimen-to-fihn distance, and the concomitant loss of intensity leads to long exposure times and high levels of background scatter relative to the Bragg reflections.
Optically focused X-ray beams make it possible to avoid this large reduction ill aperture. One can use Bragg reflection from dense planes in a suitably chosen, bent crystal, or total reflection at glancing incidence from the curved surface of a material of refractive index less than unity. The method of choice depends primarily on the size of the specimen. Crystal mono-
